It has been widely proposed that conversion of xanthine dehydrogenase (XDH) to its free radical-producing form, xanthine oxidase (XOD), underlies ischemic/reperfusion injury, although the relationship of this conversion to hypoxia and its physiologic control have not been defined. This study details the time course and control of this enzymatic interconversion. In a functionally intact, isolated perfused rat liver model, mean % XOD activity increased as a function of both the duration (25 to 45% in 3 h) and degree (r = 0.97) of hypoxia. This process was markedly accelerated in ischemic liver by an overnight fast (45 vs. 30% at 2 h), and by imposing a short period of in vivo ischemia (cardiopulmonary arrest 72%). Moreover, only under these conditions was there a significant rise in the XOD activity due to the conformationally altered XDH molecule (XODc, 18%), as well as concomitant morphologic injury. Neither circulating white blood cells nor thrombosis appeared to contribute to the effects of in vivo ischemia on enzyme conversion. Thus, it is apparent that conversion to the free radical-producing state, with high levels of XOD activity and concurrent cellular injury, can be achieved during a relatively short period of hypoxia under certain well-defined physiologic conditions, in a time course consistent with its purported role in modulating reperfusion injury. These data also suggest that the premorbid condition of organ donors (e.g., nutritional status and relative state of hypoxia) is important in achieving optimal organ preservation. (J. Clin. Invest. 1991. 87:424-431.)
Introduction
As the importance ofunderstanding the mechanism(s) oftissue injury associated with ischemia and reperfusion has increased with the application of new therapeutic strategies (e.g., liver transplantation, cardiac reperfusion), research in this field has focused on free radical-mediated injury. Based on the observations of Granger and colleagues in the intestine (1, 2) , and similar studies on the heart (3, 4) and kidney (5) , the concept of "reperfusion injury" emerged. This hypothesis proposes that there is a distinct injury associated with the production oftoxic free radical species after the resupply of blood (or oxygen) to previously ischemic (or hypoxic) tissues. Indeed, in many circumstances reperfusion injury may be more important than the initial hypoxic insult.
It has been proposed that the activity ofthe free radical-producing enzyme xanthine oxidase (XOD),' which is formed from alteration of xanthine dehydrogenase (XDH), increases during ischemia, and that the reduced substrates xanthine and hypoxanthine accumulate from the breakdown of ATP (6) .
With the reintroduction of oxygen, which is the limiting substrate in this setting, a burst of free radical production and cell injury ensues (7, 8) . This hypothesis has formed the major conceptual basis for most ofthe recent research on organ preservation in the liver, heart, and kidney. Despite widespread acceptance, there is little direct experimental evidence to support this concept. In fact, much of the data questions the existence of reperfusion injury in the liver (9, 10, Lipsky, M., and J. L. Gollan, unpublished data), and many of those observations in support of the reperfusion hypothesis are indirect and depend on the use of inhibitors of XOD activity (allopurinol) or free radical scavengers (e.g., superoxide dismutase, catalase; 1 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , which may have additional effects. Few investigators have actually documented XDH and XOD conversion in hypoxic tissues, although recent in vitro studies in excised liver (15, 16) and gut (17) suggest a slow time course for this process inconsistent with its purported role in mediating reperfusion injury. Recently, it has been proposed that circulating white blood cells may be important in amplifying ischemic and reperfusion injury in the heart (4, 18, 19) , gut (20) , and liver (21) . Despite this shift in focus to endothelial cell and neutrophil interactions that may decrease tissue perfusion (i.e., the no-reflow phenomenon; 22), the control of XOD Activity remains a key issue, because this theory also postulates the production of free radical species via xanthine oxidase (or some other as yet undefined mechanism).
In light of the contradictory data concerning the relevance of reperfusion injury, we proceeded to systematically examine the basis of this theory, namely the conversion of XDH to XOD during hypoxia. Specifically, the relationship of this process to hypoxia, and its occurrence and modulation in a physiologically intact organ have not been defined. Our findings characterize the conversion ofXDH to XOD activity in a physiologically viable system (i.e., isolated perfused liver), and its relation to the duration and severity of hypoxia. We also have investigated the factors that regulate this process in anoxic liver, and thereby accelerate the temporal course of the conversion into a time frame consistent with its postulated role in reperfusion injury. Collectively, these data advance our understanding of the classic theory of reperfusion injury and clarify the potential role of XOD vis-a-vis more recent paradigms involving endothelial cell/neutrophil interactions.
Methods
Isolated perfused rat liver. Adult Sprague-Dawley rats weighing 250-350 g, either fed ad libitum (fed) or deprived of food for 16 h (starved), were used as liver donors. Each rat was anesthetized by the intraperitoneal administration of sodium pentobarbital (50 mg/kg; Abbott Laboratories, Chicago, IL), the abdomen was opened and the bile duct cannulated with PE-IO tubing. The portal vein was then cannulated with a 16-gauge catheter, flushed with 400 IU heparin (Elkin-Sinn Inc., Cherry Hill, NJ) in 0.8 ml of 0.15 M NaCl, and perfusion initiated in situ with an oxygenated modified Krebs-Ringer bicarbonate buffer (23) .
The recirculating perfusion system, containing 50 ml of perfusate, has previously been described in detail (23) . The medium was passed through a membrane oxygenator consisting of 4 m of silastic tubing (0.147 cm i.d., Dow-Corning Corp., Midland, MI), coiled in a closed container into which 95% OJ5% CO2 or 95% NS5% CO2 flowed at a rate of -400 ml/min. The perfusate was passed sequentially through a temperature-sensitive probe (coupled to a thermostat set at 370C), a stainless steel filter screen (Millipore Corp., Bedford, MA), a bubble trap and a pressure gauge, before entering the portal vein via the Teflon catheter.
Isolated livers were perfused with a hemoglobin-free, Krebs-Ringer bicarbonate medium (23), or with a perfluorochemical emulsion (Oxypherol, Alpha Therapeutics Corp., Los Angeles, CA) to enhance oxygen-carrying capacity. Oxygen delivery to the liver was adjusted by changing the perfusate and/or the exchange gas. The perfusate was sampled immediately before inflow into the portal vein catheter, and as it emerged from the liver through the IVC cannula. Perfusion rates were 2.3 ml/min per g liver and 1.7 ml/min per g for the Krebs and Oxypherol media, respectively. Perfusate oxygen saturation was measured using a biological oxygen monitor (model 5300, Yellow Springs Instrument Inc., Yellow Springs, OH) set in the batch mode at 37°C. Hepatic oxygen consumption was calculated on the basis of partial oxygen pressure in the portal and hepatic veins, the perfusion flow rate, the liver weight, and the oxygen carrying capacity ofthe perfusate (24).
Bile was collected into tared tubes throughout each experiment.
Experimental models. In the experiments with global hepatic ischemia (anoxia), the operative technique was as outlined above, except that the bile duct was not cannulated, and the liver was placed in a beaker of unstirred Krebs medium in a 37°C water bath. To induce neutropenia, adult rats were exposed to 1,000 rads of whole-body irradiation (Gamma Cell 40, Atomic Energy Canada, Ltd., Kanata, Canada) at a rate of 88 rads/min, 10 days before study. This procedure reduced circulating white blood cells from 5,000 to 10,000 wbc/ml to < 500 wbc/ml within 10 d.
The "cardiopulmonary arrest" (CPA) model of in vivo ischemia was prepared by making a large incision in the diaphragm ofan anesthetized rat and waiting 10 min before proceeding with the surgical procedure. This intervention created a period of in vivo hepatic ischemia, because complete cessation of respiratory movement and effective cardiac contraction occurred during this period. Preheparinization ofanimals was achieved, as required, by injection of 500 IU of sodium heparin into the inferior vena cava of the anesthetized rat 4 min before initiation of the CPA procedure.
At the conclusion of each experiment the liver was blotted dry and weighed. The degree of liver edema was calculated as the difference in liver weight before and after each experiment divided by the preexperimental liver weight. The latter was estimated from accumulated scaling data (Gollan, J. L., unpublished data), based on the rat body weight (0.032 g/kg body wt starved, and 0.0375 g/kg body wt fed). A small wedge was resected from the right lobe ofthe liver at the termination of each experiment, placed in 10% formalin in saline, sectioned, and stained with hematoxylin and eosin. Where indicated cell death was histologically quantitated by a modification (7 min Trypan blue perfusion, 2 min fixation, no rinse period) of the Trypan blue perfusion technique (25).
Xanthine oxidaseixanthine dehydrogenase assays. On completion of each experiment the liver was rapidly frozen in liquid nitrogen, ground with a mortar and pestle, and homogenized in a Polytron Homogenizer (Brinkman Instruments, Westbury, NY) for 45 s, after the addition of 4 vol of a buffered solution (pH 7.8) containing 0.05 M potassium phosphate, 0.1 M EDTA, 0.2 M phenylmethyl-sulfonyl fluoride (to inhibit irreversible XDH-to-XOD conversion) and 0.5 mM dithiothreitol (to inhibit reversible XDH-to-XOD conversion). In those experiments where conformationally altered xanthine oxidase activity (XODc) was measured, one-half of the frozen liver sample (by weight) was homogenized in the phosphate buffer without dithiothreitol (DTT). XODc activity was calculated as the difference in XOD activity measured in homogenate from the same liver, with (XODe) and without (XODe + XODc) DTT. There was no difference in total oxidase plus dehydrogenase activity when DTT was omitted from the homogenate.
Homogenate was centrifuged at 27,000 g for 45 min, and the supernatant passed through a Sephadex G-25 column (Pharmacia Fine Chemicals, Uppsala, Sweden) to remove any endogenous inhibitors. The eluate was assayed immediately for XDH and XOD activity, using a modification ofthe method ofWaud and Rajugopalan (26) . Uric acid formation was measured at 295 nm in the presence (XOD + XDH) or absence (XOD) of 6 mM NAD' at 370C. All assays were performed in triplicate. Xanthine dehydrogenase activity was calculated as the difference between these two values, and % XOD was expressed as XOD activity divided by the sum of the XOD and XDH activities. There were no significant differences in total XOD and XDH activity between any ofthe experimental groups, so that changes in % XOD activity reflected the conversion from the dehydrogenase to the oxidase form ofthe enzyme. Total xanthine oxidase plus dehydrogenase activity was 10.78±0.45 ,mol uric acid formed/min per mg protein (mean±SE). Aspartate aminotransferase and lactate dehydrogenase activities in the perfusate were measured spectrophotometrically using commercial kits (Sigma Chemical Co., St. Louis, MO). Values < 100 and 5,000 U/ml per g liver, respectively, reflect minimal injury in the isolated perfused rat liver (IPRL) system used (Brass, C. A., and J. L. Gollan, unpublished observation).
Statistical methods. The data are presented as mean and standard error. The unpaired Student's t test was used to estimate the significance of the differences between mean values.
Results

Studies with isolated perfused rat liver
Conversion to xanthine oxidase activity during hypoxia. To determine whether conversion from XDH to XOD activity occurs in a functional model during hypoxia, experiments were performed using a recirculating IPRL system. The liver from fed rats was perfused with oxygenated Krebs-bicarbonate buffer for a 30-min equilibration period, before the initiation of hypoxic perfusion for a period of 180 min. As shown in Fig. 1 , % XOD activity increased from 25 to 45% during this period, with a close correlation (n = 7; r = 0.97) between the duration of hypoxia and XOD activity.
Relationship between degree ofhypoxia and xanthine oxidase conversion. To determine whether enzyme conversion was related to the level of hypoxia, XOD and XDH activities were measured in the liver from fed animals exposed to different levels of oxygenation (Fig. 2) . The level of oxygen consumption was inversely related to the % XOD activity determined at 2.5 h (n = 24; r = 0.92).
Hepaticfunction and viability. Because conversion ofXDH
to XOD has not been reported previously in a functionally intact system, the viability of the hypoxic livers was assessed using several different approaches. As shown in Fig. 3 (15, 16) , there was a gradual increase in % XOD activity in the liver of fed animals over the 2.5-h period of anoxia. However, conversion was accelerated in the livers from fasted animals (Fig. 4) ; thus, after 2 h ofanoxia, the % XOD was 50% higher in the livers of fasted than fed rats (45±15% vs. 30±8%, P < 0.01).
Cardiopulmonary arrest model. To simulate a period of in vivo ischemia, a 10-min period of cardiopulmonary arrest (CPA) was employed before excision of the rat liver. The slow conversion to XOD activity over a 2-h period of anoxia in the livers from fed control animals (n = 16) was unchanged by the prior imposition of cardiopulmonary arrest (n = 1 1). However, after fasting for 16 h, there was a marked increase in hepatic XOD activity in the animals subjected to cardiopulmonary arrest (n = 32), relative to the fasted controls (n = 17; Fig. 4) . This difference was evident within 30 min, and increased progressively at 60 min (47±4 vs. 32±3%) and 90 min (57±9 vs. 37±4%). Hence, cardiopulmonary arrest had an effect on enzyme conversion only in the fasted animals. After 90 min of anoxia there was a twofold increase in % XOD activity (57±9%), compared with that observed in fed animals subjected to cardiopulmonary arrest (29±4%; Fig. 4 groups. The increase in water content in the liver after anoxia in the starved/CPA group (51±4%) was almost twice that in the livers of fed (24±3%), fed/CPA (29±4%), or starved (20±4%) animals. This was accompanied by marked histologic changes. Whereas global ischemia for 90 min in the liver from fasted rats caused no discernible alteration in histologic appearance ofhematoxylin and eosin stained liver, the same period of anoxia caused marked cellular injury in the livers from the starved/ CPA group (Fig. 5) . In particular, extensive vacuolization of hepatocytes, reflective of loss of cellular volume control, was noted, as well as eosinophilic degeneration indicative of hepatocellular death. No zonal differences in the pattern of injury were noted.
Determination ofDTT-labile XOD activity. Because dithiothreitol was present in the homogenization buffer, the data presented thus far reflect only the XOD activity present as the XDH cleavage product (XODe). However, it has been postulated (16) that XODc (DTT-labile XOD) may be the major intermediate for cleavage to XODe.
XDH--cleavage ------------XOD.
XODTotal XOD activity, and hence the potential for free radical formation via this enzyme, is represented by the sum of XODc and XODe. To assess the potential importance of XODc, under the various hypoxic conditions imposed, activity of this form of the enzyme was also measured. As shown in Table I , DTT-labile xanthine oxidase activity (XODc) increased after 90 min of ischemia (anoxia) only in the liver of starved animals, subjected to prior cardiopulmonary arrest. Before the onset of ischemia, no DTT-labile XOD activity was measurable in the liver. However, this activity increased progressively with time in the ischemic livers from the starved/CPA group, achieving a maximum of 18±2% at 90 min (Fig. 6) . Thus, the sum of XODc and XODe activities, demonstrated a substantial shift toward the free radical-producing state during ischemia in the starved/CPA group. Three-quarters of the total XDH + XOD activity was in the XOD form after 90 min of ischemia (Table I) , increasing to 90% after 2 h. Thus, conversion to XOD activity is virtually complete in the liver of the starved/CPA animals after a relatively short period of warm anoxia.
Potential mechanisms of the "cardiopulmonary arrest" effect Role ofthrombosis. To investigate the possibility that vascular thrombosis during the period of cardiopulmonary arrest was, at least in part, responsible for the effects of this maneuver, a group ofanimals was heparinized before the onset ofcardiopulmonary arrest and subsequent hepatic resection. Heparinization of animals had no effect on the rate of formation of XOD activity (70±4%, n = 6) in the liver of starved/CPA rats, compared to nonheparinized animals (73±4%, n = 6), after 2.5 h of ischemia.
Role ofcirculating white blood cells. To investigate the possible relevance ofcirculating white blood cells as mediators ofthe increased XOD formation and histologic changes that followed in vivo ischemia (cardiopulmonary arrest) and subsequent ischemia, neutropenic animals were studied. As shown in Fig. 7 , the imposition of cardiopulmonary arrest on starved neutropenic rats, followed by a 90-min period ofglobal anoxia, led to a significant increase in % XOD activity (52±5%) compared with fed controls (29±2%). No significant difference was noted with the similarly treated nonneutropenic animals (57±2%). Thus, in this ischemic liver model, circulating white blood cells do not appear to modulate the cardiopulmonary arrest-induced increase in XOD activity.
Discussion
These findings demonstrate that conversion from xanthine dehydrogenase to xanthine oxidase activity occurs during hypoxia in the IPRL (Fig. 1) . Although this conversion process proceeds slowly, with an increase from 25 to 45% XOD activity over a 3-h period, the enzymatic transformation occurs in a Figure 7 . Effect of neutropenia on conversion to xanthine oxidase activity during anoxia. The livers from rats fasted for 16 h were placed in unstirred Krebs-bicarbonate buffer for 90 min, and then assayed for XOD and XOD plus dehydrogenase activities. The cardiopulmonary arrest (CPA) procedure is described in Methods.
Neutropenia (< 500 wbc/ml) was achieved by whole-body irradiation (1,000 rads) 10 d before the experiment. Xanthine oxidase activity (% XOD) is plotted as the percent of total oxidase plus dehydrogenase activities. The mean±SE for at least seven livers per group are shown. *P < 0.01 compared to starved group. relatively intact (low AST and LDH release, and low Trypan blue staining), functional liver, as reflected by its continued ability to utilize oxygen and to produce bile after reoxygenation. Moreover, the extent of enzyme conversion is related directly to the level of hypoxia (Fig. 2) . These findings have been previously assumed by those investigators subscribing to the xanthine oxidase theory of reperfusion injury (6, 8) . However, these data are the first to document conversion to the free radical-producing state (increased XOD activity) as a function of both the extent and duration of hypoxia in a functional organ.
These observations appear to support the dominant role of xanthine oxidase in mediating reperfusion injury in the liver, but they do not conclusively establish this paradigm for two reasons. First, no causal relationship between increased xanthine oxidase levels and cellular injury has been established. Second, the modest rise observed in XOD activity, raises the question ofthe physiologic relevance ofthis enzymatic conversion. To address the latter concern we investigated the variables that modulate and potentially enhance this response to hypoxia.
Nutritional status ofthe animal is one factor that may influence the hepatic response to hypoxia. The literature is both sparse and contradictory on this point, with at least one report citing the protective effects ofstarvation (28) , while others conclude that fasting exacerbates both ischemic and reperfusion injury (29-32). Despite the plethora ofstudies utilizing pharmacologic manipulation of hepatic xanthine oxidase activity or free radical scavengers (1 1-13), changes in oxidase levels have not been compared previously during hypoxia in the liver of fed and fasted animals. The mechanism(s) underlying the increased conversion to xanthine oxidase activity observed during global ischemia in the liver of fasted animals (Fig. 4) is unclear. Fasting results in a variety ofchanges in hepatic metabolism, including depletion ofglycogen (14) , decreased glutathione levels (32) , and alteration ofthe hormonal milieu. Indeed, each of these variables has been implicated in the modulation of ischemic liver injury (14, 33, 34) , although their relation to the conversion of XDH to XOD remains undefined. The relevance of our observations, is that it now shifts the focus in organ preservation to the physiological state (e.g., nutritional status) of the organ donor.
Recently, it has been suggested that circulating elements interact with the liver (21, 35, 36) , intestine (12, 20) , kidney (37) , and heart (3, 4, 18) during ischemia, and thereby amplify the tissue response to ischemia and/or reperfusion. Because such changes may be absent during hypoxia in ex vivo preparations, we sought to mimic a short period of in vivo ischemia using a "cardiopulmonary arrest" model. Although the imposition of a 10-min period of in vivo hypoxia had no effect on the conversion of XDH to XOD activity during subsequent ex vivo ischemia in the liver of fed rats (Fig. 4) , it dramatically accelerated enzyme conversion in fasted animals (Fig. 4) . This effect was evident within 30 min of ischemia; moreover, after only 90 min of ischemia, the livers of starved animals exposed to a period of cardiopulmonary arrest exhibited more edema than those of other groups, and displayed diffuse hepatocyte vacuolization that may reflect loss ofvolume control, as well as eosinophilic degeneration consistent with cell death (Fig. 5) .
The association of marked histologic injury with the maximal increase in % XOD activity (in the starved/CPA group) may cast doubt on the causality of increased XOD activity mediating subsequent reperfusion damage. There is, in fact, some evidence suggesting that the increase in xanthine oxidase is merely a reflection of cellular injury (38) . Our observations, however, tend to contradict this notion. We noted significant increases in XOD conversion, unaccompanied by any detectable edema or histologic changes. More importantly, the conformationally altered XDH molecule with XOD activity (XODc or DTT-labile XOD) was increased during anoxia in the starved/CPA group (Table I) . Work by McKelvey (16) , as well the present data, suggests that this transformation, which is believed to reflect oxidation of several of the 14 sulfhydryl groups in the XDH molecule to disulfides (39) , may precede enzymatic cleavage to the smaller XOD molecule. Thus, the increase in XOD activity is likely to be attributable to alterations in the redox state in these anoxic cells, reflecting altered cell physiology during hypoxia and not cell death with concomitant protease release.
Despite this conclusion, it is not possible, using the present model system, to resolve definitively whether the increase in XOD activity precedes or is a consequence of cellular injury. This is due to the fact that the sensitivity ofconventional histology is suboptimal as an indicator ofcell death, and it is difficult to correlate XOD activity and morphologic injury in the same cell. It is important to note, however, that the XOD theory of reperfusion injury presupposes a state of pure anoxia and high oxygen reperfusion. In fact, in most experimental systems, as well as in the corresponding pathophysiologic states in man, a state of pure anoxia does not exist. Thus, it is possible that the conversion to an increased level of xanthine oxidase during hypoxia and the related enhanced capacity to produce superoxide anion are not temporally distinct events. Hence, increased xanthine oxidase levels and free radical production (with subsequent cellular damage) may occur simultaneously during hypoxia (16, 40) . This hypothesis would explain the cellular injury accompanying high levels of XOD observed in our cardiopulmonary arrest model, as well as the failure of many investigators to demonstrate a well-defined pattern of reperfusion injury (9, 10, Lipsky, M., and J. L. Gollan, unpublished data), despite the efficacy of allopurinol (1 1) and free radical scavengers (I12-14) in ameliorating ischemic and so-called "reperfusion" injury.
The changes in hepatic xanthine oxidase activity and the concurrent hepatic injury are independent of white blood cells in our model system, although evidence obtained in several organ systems (18, 20, 38) , including the liver (21) , document endothelial cell-neutrophil interactions during the ischemia and reperfusion. Free radical modification of circulating lipids has been linked with neutrophil chemotaxis (33, 41, 42) , as well as neutrophil adherence to endothelial cells (37) . Recently, this has been proposed as the mechanism underlying "reperfusion injury" and the "no-reflow" phenomenon, in which neutrophil plugging ofcapillaries occludes reoxygenation ofhypoxic tissue after normal organ blood flow is reestablished (4, 19) . This hypothesis and the older XOD concept are not necessarily mutually exclusive because the former assumes that free radical species may arise by the conversion to increased XOD activity and the resupply of oxygen, as described in the latter theory (6, 8) . In support ofthis concept, allopurinol and free radical scavengers (4, 20) appear to effectively inhibit the occurrence ofthis "no-reflow" phenomenon. There are, however, major differences between the two "reperfusion injury" theories in defining the mechanistic role of xanthine oxidase. First, the site ofXOD activity is shifted from the hepatocyte to the endothelial cell; in this context, it should be noted that the hepatic localization of XOD is still a topic of controversy (43) (44) (45) (46) . Second, the putative role of XOD would now be in signal transduction rather than in direct free radical-mediated injury. In emphasizing the potential effects of small amounts of free radical species generated via endothelial cell xanthine oxidase, this theory would provide an explanation for much of the previous data in the heart, which exhibits little (myocyte) XOD activity. Similarly, this hypothesis addresses concerns that the quantity offree radicals produced via XOD may be insufficient to account for major direct cellular injury (47) . On the other hand, a growing literature, ascribing a role for XOD in ethanol-mediated hepatocellular injury (48) , suggests that XOD may be directly involved in liver injury.
Based on these observations, it is evident that the relative importance of xanthine dehydrogenase to xanthine oxidase conversion in hypoxic or reperfusion injury still requires additional clarification, and that further advances in this area will require a detailed understanding of its physiologic control mechanisms. We have shown that the shift to xanthine oxidase activity occurs in direct relation to the extent and severity of hypoxia in functionally intact liver. Moreover, using an anoxic liver model, we have characterized two important factors, namely, the nutritional state and a period of in vivo ischemia (CPA), that markedly influence this enzymatic interconversion. The synergistic interaction of these two interventions, as well as the finding of increased DTT-labile xanthine oxidase activity, exclusively in the liver of animals subjected to fasting/ cardiopulmonary arrest, support the pathophysiologic relevance of these findings. Collectively, these data not only demonstrate a temporal course ofconversion to XOD activity, consistent with recent ex vivo studies (I15-17), but also document that this conversion is accelerated under well-defined conditions, to a degree consistent with the postulated role of XOD in modulating ischemic/reperfusion injury. Moreover, these findings suggest that the premorbid condition oforgan donors, specifically their nutritional status and ischemic/hypoxic state, may be important factors in attaining optimal organ storage.
